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Abstract 
 
 Soils from twelve sites in Lagos area, Nigeria impacted by anthropogenic activities were 
extracted by ultrasonication and analysed for the concentration of 16 priority polycyclic 
aromatic hydrocarbons (PAHs) by gas chromatograph-mass spectrometer (GC-MS). The 
concentration of the sum of PAHs ranged from 0.2 to 254µg/g at these sites. The sum 
benzo[a]pyrene-equivalent dose (BaPeq)  at the sites ranged from 0.0 (K, forest soil) to 16.7 
µg/g (C, the lubricating oil depot soil). Mean daily intake (MDI) for the composite soils 
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samples when compared that of food revealed that some of the individual PAH in samples 
from sites A (Dump site), C (Depot and loading point for used for black oil), F (Dump site), 
G(petroleum depot), H  (Roadside ) and L (Car park ) exceeded the recommended the 
recommended MDI threshold for food, indicating some risk associated with activities on 
these sites based on this ingestion estimate exceeded value. 8.2 x 10
-6
, 7.1 x 10
-7
, 1.2 x 10
-
4
,4.9 x 10
-7
, 7.3 x 10
-7
, 1.4 x 10
-5
, 7.9 x 10
-5
, 4.6 x 10
-6
, 3.4  x 10
-7
, 2.4  x 10
-7
, 2.2 x 10
-7
 and 
1.1 x 10
-4
 estimated theoretical cancer risk (ER) for an adult with a body weight of 70 kg 
working on sites were composite soil samples A,  B, C, D, E,  F,  G,  H, I,  J, K and L  
respectively were sampled. The ER from occupational exposure to surface soil based on oral 
ingestion for some were higher than the target risk of 1 x10
-6
 for normal exposure but were 
all less than the 1 x10
-4
 for extreme exposure for most of the sites except for site C and L. 
The differences in concentration and risk were related to the different activities (e.g. handling 
of petroleum products, open burning, bush burning) undertaken at these locations. However, 
it should be noted here that the resultant risk could be overestimated, since these calculations 
were based on an exhaustive extraction technique which may be different from uptake by the 
human guts (bioavailability study).    . 
 
Key words: Polycyclic aromatic hydrocarbons; PAHs; Risk assessment; soils; 
Anthropogenic activities. 
 
Introduction 
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Polycyclic aromatic hydrocarbons (PAHs) are compounds known for their carcinogenic and 
mutagenic properties hence potentially hazardous to human health. They are ubiquitous 
environmental contaminants present in many urban soils. Parent PAHs are unsubstituted 
compounds, but other substituted forms (e.g. alkyl PAHs) also exist with varying chemical 
structures. 
[1]
 These are mainly derived from pyrogenic and petrogenic sources. The United 
States Environmental Protection Agency (USEPA) has identified 16 unsubstituted PAHs as 
priority PAHs. Industrial activities (e.g. incomplete burning of petroleum products, coal and 
garbage), use of internal combustion engines, barbequing of foodstuffs and burning tobacco 
can lead to the formation of PAHs.
[2] [3] 
Many urban waste sites are a concentrated source of 
PAHs on a local scale.  
Humans are exposed to PAHs by direct inhalation of contaminated air and dusts, ingestion of 
contaminated food, hand-to-mouth activities and through direct dermal contact with 
contaminated media or soils. 
[3]
 High concentrations of PAHs in soil are significantly 
associated with the correspondingly high concentrations in air and household and urban street 
dusts. 
[4] [5]
 The concentration of PAHs in soil is therefore a good indicator of the degree of 
environmental pollution by various human activities. 
[6]
  
 
There are concerns over high levels of exposure to PAHs amongst people living or working 
in the vicinity of urban waste sites. 
[7] [8]
 The cancer potential for PAHs has been measured 
for selected soils/sediments and used as an indicator in health risk assessments. Estimated 
theoretically, cancer risk is defined as the number of additional cases of cancer in a 
population due to exposure to a toxic substance during a lifetime of exposure. Another health 
risk measure for these substances is the BaPeq derived from the toxic equivalent factor (TEF) 
used for estimating the carcinogenic potency of PAH. 
[8] [9]
  Benzo[a]pyrene (BaP) is the best 
characterized, most potent carcinogenic PAH compounds and is the only PAH for which its 
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toxicological potency factor is labelled. 
[10] [11]
 TEF is a term used to express the toxicities of 
other PAHs determined in relation to BaP. The TEF for calculating BaPeq  and determining 
potential health risks for PAHs with the characteristic “bay-K region”; a structural distinction 
that defers carcinogenic properties to BaP and the other carcinogenic PAHs has been 
developed by United States Environment Protection Agency (USEPA),
[11]
 Another method 
for the estimation of risk is ER, which is based on a reasonable maximum exposure to PAHs. 
Davoli, et al. 
[12]
 assessed the health risks for people living near landfills, based on a 
population exposure to dioxins, furans and PAHs and their results showed that cancer risk 
derived were largely below the values accepted from agencies such as World Health 
Organisation (WHO) and USEPA. The exposure route for PAHs from soil to man includes 
dermal, inhalation and ingestion. However Zhong, et al.
[13]
 found the  ingestion was the 
primary route of exposure. Soil ingestion can occur by the inadvertent ingestion of soil on 
hands or food items, mouthing of objects, or through intentional ingestion of soil. The health 
risks associated with ingestion of toxic chemicals can be estimated. 
[14]
 
 
Lagos, situated on the south-western coast of Nigeria, is one of the largest and most densely 
populated cities in Africa.
 [15]
 Approximately 60% of Nigeria’s industrial and commercial 
activities are situated here. 
[16]
 In view of this, several workers have measured pollution in the 
city caused by trace metals and priority PAHs. 
[15] [17]
 but not their risk assessment. We 
undertook a study to measure concentrations of (16) priority USEPA in 12 composite soils 
collected in Lagos at sites with different anthropogenic activities. We used these data to 
estimate the occupational health risks associated with people working on these sites.  
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Materials and methods 
 
 Sampling 
 
Composite samples of surface soils (depth 0-10 cm) were obtained in Lagos, Nigeria from 
locations with different anthropogenic activities (Table 1). 
 
 Physico-chemical analysis of soils 
 
Particle size distribution of soils (A to L) was determined by a wet sieving and sedimentation 
technique. 
[14]
 
[18]
 The pH of soil was determined after adding 0.01 mol/L CaCl2 (10 mL) to 5 
g of soil. Total organic carbon and Total Organic matter were determined by the Walkley-
Black titrimetric method. 
[7]
 Oil and grease were determined gravimetrically after ultrasonic 
extraction (acetone: n-hexane, 50:50 v/v).
 [19]
 The concentration of analyte in blanks was 
subtracted from field samples. 
 
Chemicals and Standards 
 
A standard mixture of 16 USEPA priority PAHs and 2 alkyl PAHs (2000 μg/mL) was 
obtained from Supelco (Bellefonte, PA, USA). It contained naphthalene (NAP), 1-
methylnaphthalene (1-MNAP), 2-methylnaphthalene (2-MNAP), acenaphthylene (ACY), 
acenaphthene (ACP), fluorene (FLR), phenanthrene (PHE), anthracene (ANT), fluoranthene 
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(FLT), pyrene (PYR), benzo[a]anthracene (BaA), chrysene (CHR), benzo[b]fluoranthene 
(BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), indeno[1,2,3-cd]pyrene (IcP), 
dibenzo[a,h]anthracene (DaH)  and benzo[g,h,i]perylene (BgP). The deuterated internal 
standard solution mixture (2000 μg/mL in dichloromethane) contained d10-acenaphthene, d8-
naphthalene, d10-phenanthrene, d12-chrysene, d12-perylene and d4-1,4-dichlorobenzene 
(Supelco). The certified reference materials, CRM 172-100G and CRM115-100G for USEPA 
PAHs were used for method validation were from Supelco Analytical (Bellefonte, USA). All 
solvents were of HPLC grade or better and purchased from Fisher Scientific Ltd. 
(Loughborough, UK).  
   
Extraction and clean- up of PAHs in soil 
 
PAHs from soil and CRM172 (0.5-5 g) were extracted ultrasonically using three sequential 
extractions (10 mL, 3 mL and 2 mL) of acetone:n-hexane (1:1 v/v) 
[20]
. The combined extract 
was spiked with internal standard solution (25 µL of 10µg/mL) and concentrated under 
nitrogen to 500 µL. The concentrated extract was cleaned-up using preconditioned solid-
phase extraction (SPE) cartridges (200 mg C18, Bond Elute, in 5 mL cartridge). The cartridges 
were pre-conditioned with dichloromethane (DCM), methanol, methanol:water (1:1 v/v), 
water, acetone:n-hexane mixture:water ((1:1):1 v/v) and finally acetone:n-hexane (1:1 v/v) 
sequentially. The extract was then loaded and eluted with DCM:n-hexane (1:1 v/v, 5 mL) at a 
flow rate of 1mL/min. Eluates were evaporated to dryness under nitrogen and reconstituted in 
n-hexane (1 mL). Care was taken so that the cartridge did not dry during the conditioning and 
loading of the sample extract. 
[21] [22]
 A sample series was made up of CRM, six standards for 
calibration and use of r
2
 value is used for assessing linearity and one standard that has been 
treated similarly to the samples (recovery determination). 
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Analysis of PAHs  
 
All working standard solutions were prepared daily in n-hexane. An Agilent GC/MS (6890N 
GC) equipped with split/splitless injector, fitted with a HP-5MS UI capillary column (30 m x 
0.25 mm i.d. x 0.25 μm film thickness) was connected to a mass selective detector (Agilent 
5975) was used to separate and quantify the PAHs. Samples were injected (2 μL) in the 
splitless mode at an injection temperature of 290 
0
C. The column oven was held at 50
o
C (3.2 
mins), raised to 150
o
C (30
o
C/min), then raised to 238
o
C (2
o
C/min), 272
o
C (3
 o
C/min) and to 
300
o
C (70
o
C/min and held for 2.73 mins). Helium was used as a carrier gas at a constant flow 
rate of 1 mL/min. Mass spectra was acquired using electron ionization (EI) at 70 eV. 
Identification and analysis of PAHs in soils were carried out by confirmation of retention 
time, abundance of quantification/confirmation ions compared to authentic standards. All the 
identified compounds quantified using selective ion monitoring (SIM). For quality control, 
procedural recoveries for certified reference material were quantified using the response 
factors related to the respective internal standards based on six-point calibration curve for 
individual compounds.  
 
Health risk analysis 
 
Health-risk posed by the exposure of 16 USEPA priority PAHs is based on carcinogenic 
potency relative to BaP 
[23]
. The TEFs  developed by Nisbet and LaGoy 
[24]
 were used in this 
study because, they were suggested to be a better set of indicators by Xia et al  
[25]
 and 
Boström, et al. 
[26]
 BaPeq dose was calculated as follows: 
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BaPeq
 
 (µg/g) = TEF x concentration (µg/g)
[10]
                                                                        
 ∑ BaPeq (µg/g) = ∑(TEF x concentration (µg/g))                                                               
The estimated dose ingested daily (D) is another risk assessment approach based on an 
estimation of PAHs consumed due to involuntary consumption of soils. 
[12]
 Here D of PAH 
ingested was estimated as                                                                                                           
D (µg/kg/day) = [EC × SIR]/BW          based on daily exposure                                                       
Where BW= body weight of adult (70 kg) 
[27] [ 28]                                                                                                     
 
SIR = soil ingestion rate for adult (0.10 g/day),
[27]
  EC = exposure concentration of PAHs 
(µg/g). The annual daily exposure dose (Da) also called the average life time daily exposure 
or estimated exposure dose and is calculated from D by introducing the EF (exposure 
frequency) value.  
Da (µgkg
-1
day
-1
)= [EC X SIR X EF]/BW 
[27] [ 29]
 
EF was estimated for workers on these sites based on as 246 days a year and 52 weeks. This 
was arrived at after considering 15 public holidays and 2 weekend days in a week when 
workers usually do not go to work. The nature of work undertaken at these sites is 
unstructured so leave from work was not considered in this assumption. Working hours were 
taken as 8 h/day. It was assumed that a person will work for 40 years (25-65 years of age) at 
these sites.  
 
The estimated theoretical cancer risk (ER) from exposure to contaminants was calculated by 
multiplying the estimated exposure dose (base on B (a)P eq concentration) by the cancer 
slope factor (CSF) for a suspected or known carcinogenic substance. 
[29]
 Ohio Department of 
Health, 
[29]
 Fromberg, et al. 
[30]
 and Ding, et al. 
[31]
 estimated the cancer risk  using the B(a)P 
eq concentration to calculate Da and then multiplied it by the  Cancer Slope Factor of 7.3 
(mgkg
-1
day
-1
)
-1
.                                                                                                                             
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ER = CSF x Dose (mg/kg/day) 
[29]
                                                                                                         
CSF = (7.3 (mgkg
-1
day
-1
)
-1
) 
[29]  [ 32]
  
 ER of 1 x 10
-5
, for example, refers to one additional case of cancer per one hundred thousand 
individuals. 
[29]
   An ER of less than 1 x 10
-6
 population exposure is typically considered as 
negligible under normal exposure while 1 x 10
-4
, is considered as an extreme exposure. 
[33,34]
  
 
 Results and discussion 
 
 Concentration and type of PAHs in soils 
The extraction and GC-MS method used was able to separate all of the standard PAHs. The 
calibration curves were linear and gave good regression (r
2
) values of 0.98 or higher for all 
the individual PAHs.  The physico-chemical properties of the soils are given Table 2. Tables 
3, show the concentrations of PAHs found in soil samples collected from sites with 
anthropogenic activities.  
 
The sum concentration of the measurable PAHs in the different soils ranged from 0.2-
254µg/g and is as shown in Table 3. These concentrations are similar to those reported by 
other studies undertaken at related field sites elsewhere in the world (Table 4). Wang, et al. 
[45]
 reported that the PAHs concentration in surface dusts from various sources varied greatly 
and was attributed to the anthropogenic activities undertaken in the areas. In this study, the 
site with the highest concentration of sum PAH was found at the fuel depot on Coconut 
Lagos (site G). Here sampling took place where the transfer of petroleum products between 
tanks to kegs took place. A stench of petroleum was evident during sampling. Based on the 
concentrations of the sum PAHs (Table 3) the order of variation was:  Coconut fuel depot (G) 
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> black oil depot Orile (C) > mechanics workshop Lagos (L) > large dump site in Akoka (F) 
> small dump site in Onike (A) > a road side near a dump site (H) > fuel depot area Apapa ( 
E) > trailer park Ibafo ( I) > farm land in Lagos (B) > a road side (D) > car park Akoka (J) > 
forest soil (K). PAHs are known to be constituents of petroleum and its product, 
[45]
 
[46] [47]
 is 
probably the reason why locations G, C and L had higher concentrations compared to the 
other sites. The activities at these sites were such that a lot of petroleum related products like 
engine oil, kerosene, and gasoline were used and spilt to the bare floor. At the mechanics 
workshop, where soil L was sampled, during servicing of cars, engine oil was spilled on the 
bare soil as there was no structured way of disposing the used oil.   
Sample C was a composite sample from a used oil depot where these dirty oil (black in 
colour) was stored, often in leaky drums. Sample E though sourced from a location similar to 
G in appearance, where petroleum products were used and handled, the total PAHs was low. 
This may be explained by the fact that this place is sparingly used for this purpose because it 
was an illegal location for sales and buying of petroleum products located outside the depot. 
Samples A and F are both dump sites samples. The dump site where sample F was sourced is 
an older and bigger dump site. The sum PAHs concentration values for these dump sites were 
11.9µg/g and 21.4µg/g respectively. These values were higher than the values for sum PAHs 
concentration of 4.3 µg/g, 5.9 µg/g `and 2.5 µg/g found by Nduka, et al. 
[48]
 for other dump 
sites. In another study of illegal waste dumps and its surroundings, values that ranged from 
21-59 µg/g were recorded for sum PAHs. 
[49]
 The method of waste reduction on the dump 
sites in this study was open burning.  The two vehicle park samples (J and I) had sum PAHs 
of 0.2 µg/g and 0.7 µg/g respectively. The difference in total PAHs may be due to the type of 
vehicular activities. At site J, the vehicular activities were made up of small vehicles usually 
fuelled with gasoline unlike site I where the vehicular activities involved bigger sized 
vehicles like trailers and lorries usually fuelled with diesel. Emissions from diesel engines are 
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more visible than emissions from petrol engines this due to the nature of combustion in diesel 
engines due to the high amount particulate emissions from a diesel engine 
[50]
 and PAHs 
because of their strong affinity for organic carbon in particulate matter are known to 
preferentially adsorb onto particulates which finally accumulate in the sediments or soils. 
[51] 
[52] 
 Pohjola, et al. 
[53]
 found large differences in content of 14 individual PAHs in diesel and 
gasoline exhaust sample extracts studied, showing higher concentration of 14 PAHs and BaP 
in diesel than in gasoline extracts. The values we obtained are similar to previous studies 
(Table 4). Sample H and D were both road soil samples but showed a wide variation in total 
PAHs concentration. Sample D sourced from a main road had lower concentration of total 
PAHs compared to H. This may be explained by its proximity to a dump site where open 
burning is employed as a garbage reduction technique.  
The sum concentration for the 2-3 ring PAHs in the samples were generally higher compared 
to the sums of concentration of the 4, 5  and 6  ringed PAHs (higher sum of 4-6 ring PAHs 
indicates a pyrogenic source)  
[54]
 except for samples B, H, F, L  (Table 3).  These showed the 
dominance of petrogenic contribution (since petrogenic PAHs are usually dominated by 
lower ringed systems) 
[46]  [55]
 as source for all the samples except for samples B, H, F and L 
(where pyrogenic PAHs dominated). The petrogenic source can be traced to the activities on 
these sites. The 4 and 5 ringed PAHs (pyrogenic PAHs) which dominated sample B can be 
traced to the type of farming practice currently practiced ‘bush burning’ before tilling the soil 
for planting. Fires and smokes, from burning of vegetation in agricultural process, and 
bushfires releases of large amount of PAHs into the environment.
[4] [56] [57]
 Roadside soil (H) 
which was predominated by pyrogenic PAHs may be due to combustion from exhaust of 
vehicles plying on the road
[55]
 and its proximity to a dump site. The predominance of 
pyrogenic PAHs in sample F may be due to garbage open burning. Sample A, from a dump 
site where open burning was also employed, had it dominant PAHs as being petrolytic. This 
12 
 
may be due to the type of waste on this site since it was a dump site for a mechanics 
workshop where some oils and car parts were disposed. 
 
Classification of soil samples base on level of contamination 
The 0.2-254 µg/g range for sum PAHs found in this study, shows that  anthropogenic 
activities contributed to PAHs present in the soils sampled since the  0.00-0.01 µg/g range 
typical of endogenous sum PAHs in soil ( resulting from plant synthesis and natural fires) 
was exceeded as suggested by Edward 
[58]
 Wilcke 
[59]
 Abbas and Barck. 
[60]
 
 
 Maliszewska-Kordybach, et al. 
[61]
 and Yang, et al. 
[8]
 classified contamination levels in soils 
based on sum PAHs.  Heavily contaminated were soils with sum PAHs greater than 1.00 
µg/g, contaminated soils between 0.60-1.00 µg/g, weakly contaminated soils between 0.60-
0.20 µg/g and not contaminated soils below 0.20 µg/g. Based on their classification, results 
(Table 3) showed that soils from sites A, C, F, G, H, L were heavily contaminated, E and I 
were contaminated and B, D, J and K were weakly contaminated. 
 
Since there is no official soil standard for PAHs in soil and sediment in Nigeria, the standard 
the ‘New Dutch List’ was used in the study. The ‘New Dutch List’ has a target value of 1.0 
µg/g and an intervention value of 40.0µg/g for the sum of 10 PAHs (summation of the 
amount of NAP, PHE, ANT, FLA, BaA, CHR, BkF, BaP, IcP and BgP) (sum PAHs10). 
[55] [62]
 
The target value indicates the benchmark for quality on the long-term. At the target value, 
compounds and/or elements are known or assumed not to affect the natural properties of the 
soil while the intervention value is the maximum tolerable concentration above which 
remediation is required and if exceeded, entails serious potential risk to biota and the 
functional properties of the soil. 
[53]
 Soil/sediment values in the ‘New Dutch List’ are 
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expressed as the concentration in a standard soil (10% organic matter and 25% clay). No soil 
correction value is required to correct soils with organic matter content of up to 10%. 
[64]  [65]
 
Hence, the Dutch limit values were applied without any correction in the assessment of soil A 
to L because none of the soil organic matter content exceeded 10% as shown in Table 2. The 
Sum PAHs10 in soils from sites A, C, F, G, H and L already classified as heavily 
contaminated sites in this study exceeded the 1.0 µg/g ‘New Dutch List’ target value pose a 
serious risk. However, only C, G and L exceeded the ‘New Dutch List intervention level (40 
µg/g) (Table3). Since the intervention value is the maximum tolerable concentration above 
which remediation is required, 
[63]
 remediation is required for sites C, G, L. The soil samples 
E, I, K, J, B and D already classified as contaminated and weekly contaminated in this study, 
were within the target value of the ‘New Dutch List’  for  sum PAHs10.  
 
BaPeq  of soils from different anthropogenic Sites in Lagos area. 
 
 TEF value of each PAH was used to determine BaPeq. The sum BaPeq dose for each soil was 
calculated using the concentrations of PAHs found in the sample (Table 5) and the result is as 
shown in Table 5. The sum BaPeq in the soils at the six sites ( A,C, F, G, H and L), classified 
as ‘highly contaminated’ had higher values compared to the other samples. Sum BaPeq dose 
of 0.892 µg/g was calculated for the roadside soil of Shanghai, China, 
[66]
 1.009 µg/g in the 
traffic soil from Delhi India, 0.048 µg/g rural soil from Delhi, India, 
[67]
 0.650 µg/g, for 
surface soils of Agra, India 
[68]
 and 0.124 µg/g for soil from Tarragona, Spain. 
[69]
 In our 
study, values of 0.655 and 0.069µg/g were calculated for road soils. The sum BaPeq dose at 
different sampling sites in Lagos ranged from 0.033 (K, Forest soil) to 16.709 µg/g (C, the 
lubricating oil depot soil). Sum BaPeq dose order for samples studied was C > G > L > F > A 
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> H > E > D > B > I > J > K.  There was a difference in this order compared to the order for 
sum PAH concentrations (G > C> L> F>A > H > E > I> B > D > J > K). The soil with the 
highest concentration of PAHs in this study G (25.39 µg/g) did not did have the highest sum 
BaPeq. Sample C from where black oil was handled had the highest value for sum BaPeq . 
 
Estimate risk of PAHs due to involuntary consumption of soils from different 
anthropogenic sites. 
 
The potential health risk from soil can be assessed by determining the concentration of each 
individual PAH if 0.1g of dust was ingested by an adult of BW (70kg) (Known as the average 
daily intake also called estimated mean daily intake (MDI)) and comparing the values with 
the MDI of food as given by Lorenzi, et al. 
[14]
 Soil ingestion rate for involuntary ingestion of 
soil by adult has been set as 0.1g/day. 
[7] [11]
 MDI of individual PAH ingested from the soils 
from the sites of anthropogenic activities were calculated. The values obtained were 
compared with the MDI of food (Table 6).  In this study, a comparison of PAH MDIs  for the 
composite soils samples  and  food was carried out and the result showed that all individual 
PAHs in samples B, D, E, F, H, I, J and K were less than the oral MDI oral for food. 
However, some individual PAHs in samples A, C, G, and L exceeded the recommended MDI 
value (Table 6), indicating some risk associated with activities on these sites based on this 
estimate.  
 
Da was estimated the base on the sum PAH concentration in Table 3 and the result is as 
shown in Table 6. To calculate ER, Da(BaPeq)  which is Da generated based on  Sum BaPeq  was 
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used and the results are given in Table 6. PAHs of sampled sites  would be associated with a 
8.2 x 10
-6
, 7.1 x 10
-7
, 1.2 x 10
-4
,4.9 x 10
-7
, 7.3 x 10
-7
, 1.4 x 10
-5
, 7.9 x 10
-5
, 4.6 x 10
-6
, 3.4  x 
10
-7
, 2.4  x 10
-7
, 2.2 x 10
-7
 and 1.1 x 10
-4
, ER for an adult with a body weight of 70 kg 
working on sites were composite soil samples A,  B, C, D, E,  F,  G,  H, I,  J, K and L  
respectively were sampled. The ER from occupational exposure to surface soil based on oral 
ingestion for some were higher than the target risk of 1 x10
-6
 for normal exposure but were 
all less than the 1 x10
-4
 for extreme exposure for most of the sites except for two sites C and 
L.  However, the resultant risk may have been overestimated, since these calculations were 
based on exhaustive extraction techniques which may be different from uptake by the human 
gut (bioavailability studies). Bioavailable PAHs from soils in other studies have been found 
to vary between 10- 60% for soil containing Sum PAHs between 10-300 µg/g, 
[70]
 0.1-1.4% 
[71]
 1-3% in aged crude oil contaminated soil 
[72]
 and 0.5-2% gastro-intestinal solubility. 
[73]
 It 
should be noted that the cancer risks estimated in this study are not consistent with those 
found in epidemiological studies. For example, Diggs, et al. 
[74]
 in their review pointed out 
that though laboratory studies pointed towards the likelihood of PAHs causing gastric cancer, 
epidemiological studies presented contrary evidence. For this reason, whether the high cancer 
risks estimated from this study was due to the over estimation, the risk should be further 
estimated based on the PAHs bioavailability or bioaccessibility study. Therefore, the high 
value of estimated cancer for the exposure group in this study requires further confirmation. 
 
Conclusion 
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This study was undertaken to assess potential health risks from PAHs in soils impacted by 
different anthropogenic activities in the Lagos region. The USEPA 16 priority PAHs were 
analysed and their concentrations quantified.  
The results indicated that: 
1. Soils from sites A, C, F, G, H and L were classified as heavily contaminated sites in 
this study. However, only C, G and L exceeded the ‘New Dutch List’ intervention 
concentration of 40.0 µg/g. 
2. The sum BaPeq at different sampling sites in this study ranged from 0.0 µg/g (K,) to 
16.7 µg/g (C, lubricating oil depot soil). The soils classified as heavily contaminated 
(A, C, F, G, H and L) still had a higher total BaPeq compared with other soils. 
3. MDI for soil samples was calculated and compared with that of food. Some of the 
individual PAHs in sample A, C, F, G, H and L exceeded the recommended MDI 
value for food, indicating some risk associated with activities on these sites based on 
this ingestion estimate.    
4. The overall cancer risk from exposure to surface soil based on oral ingestion is not 
above health guidelines of 1 in 10,000 except for composite soil samples C and L.  
However, it should be noted here that the resultant risk could be overestimated, since these 
calculations were based on exhaustive extraction techniques (ultrasonication) which may be 
different from uptake by the human gut (bioavailability studies).  
 
Acknowledgement  
 
17 
 
 Adetunde, Oluwatoyin acknowledges the Commonwealth Scholarship Scheme for funding 
my research work in the UK.  
 
References 
[1]Burgess, R. M. Evaluating Ecological Risk to Invertibrate Receptors from PAHs in 
Sediments at Hazardous Waste Sites, EPA/600/R-06/162F ERASC-011F; U.S. 
Environmental Protection Agency (USEPA), Ohio, US, 2009; 1-23. 
[2] Pazos, M.; Rosales, E.; Alcántara, T.; Gómez, J.; Sanromán, M. A. Decontamination of 
soils   containing PAHs by electroremediation: A review. J. of Hazard Mater. 2010, 177, 
1-11. 
[3]Wcislo, E.: Soil contamination with polycyclic aromatic hydrocarbons (PAHs) in Poland - 
a review.  Pol. J. of Environ. Stud. 1998, 7, 267 - 272. 
[4]Essumang, D. K.; Kowalski, K.; Sogaard, E. G. Levels, distribution and source 
characterization of polycyclic aromatic hydrocarbons (PAHs) in topsoils and roadside 
soils in Esbjerg, Denmark. Bull. Environ. Contam. Toxicol. 2011, 86, 438-443. 
[5]Okedeyi, O. O.; Nindi, M. M.; Dube, S. O.; Awofolu, O. R. Distribution and potential 
sources of polycyclic aromatic hydrocarbons in soils around coal-fired power plants in 
South Africa. Environ. Monitoring and Assessment 2012, 1-10. 
[6]Dai, J.; Li, S.; Zhang, Y.; Wang, R.; Yu, Y. Distributions, sources and risk assessment of 
polycyclic aromatic hydrocarbons (PAHs) in topsoil at Ji’nan city, China. Environ. 
Monitoring and Assessment 2008, 147, 317-326. 
[7]Jeffries, J.; Martins, I.Updated Technical Background To The ClEA Model, 
SC050021/SR3 Environment Agency of England and Wales, Bristrol, UK, 2009:1-166 
[8]Yang, B.; Xue, N.; Zhou, L.; Li, F.; Cong, X.; Han, B.; Li, H.; Yan, Y.; Liu, B. Risk 
assessment and sources of polycyclic aromatic hydrocarbons in agricultural soils of 
Huanghuai plain, China. Ecotoxicology and Environ. Safety 2012, 84, 304 -310. 
[9]Fang, G.C.; Chang, K.F.; Lu, C.; Bai, H.: Estimation of PAHs dry deposition and BaP 
toxic equivalency factors (TEFs) study at Urban, Industry Park and rural sampling sites in 
central Taiwan, Taichung. Chemosphere 2004, 55, 787–796. 
[10]Huang, S.b.; Wang, Z.J.; Xu, Y.P.; Ma, M. Distribution, sources and potential 
toxicological significance of polycyclic aromatic hydrocarbons(PAHs) in Guanting 
reservoir sediments, China. J. of Environ. Sciences 2005, 17, 48-53. 
[11]NDEP. User's Guide And Background Technical Document For Nevada Division Of 
Environmental Protection (NDEP): Basic Comaprison Levels (BCL) For Human Health 
For The Bmi Complex And Common Areas. 95‐019/05‐26‐95; NDEP: Las Vegas, 2009;1-
41.  
[12]Davoli, E.; Fattore, E.; Paiano, V.; Colombo, A.; Palmiotto, M.; Rossi, A. N.; Grande, M. 
l.; Fanelli, R. Waste management health risk assessment: A case study of a solid waste 
landfill in South Italy. Waste Management 2010, 30:(8-9),1608–1613 
[13]Zhong, M.; Jiang, L.; Jia, X.; Liang, J.; Xia, T.; Yao, J. Health risk assessment on PAHs 
contaminated site – a case study in a relocated coke and chemical plant in Beijing. 
Procedia Environ. Sciences 2013, 18, 666 – 678. 
18 
 
[14]Lorenzi, D.; Entwistle, J. A.; Cave, M.; Dean, J. R. Determination of polycyclic aromatic 
hydrocarbons in urban street dust: Implications for human health. Chemosphere 2011, 83, 
970-977. 
[15]Ajibola, M. O.; Adewale, B. A.; Ijasan, K. C. Effects of Urbanisation on Lagos Wetlands 
International J. of Business and SocialSscience  2012, 3, 310-318. 
[16]MoELS "State of the Environment Report.," Ministry of the Environment, Lagos State, 
2010. http://www.lagosstate.gov.ng/pagelinks.php?p=10  [Accessed 13 December 2012 
2013]. 
[17]Adeniyi, A.; Owoade, O. Total petroleum hydrocarbons and trace heavy metals in 
roadside soils along the Lagos–Badagry expressway, Nigeria. Environ. Monitoring and 
Assessment 2010, 167, 625-630. 
[18]Yunker, M. B. Macdonald, R. W.; Vingarzan, R.; Mitchelld, R.; Goyettee, H. D.; 
Sylvestre, S.: PAHs in the Fraser river basin: a critical appraisal of PAH ratios as 
indicators of PAH source and composition. Organ. Geochem. 2002, 33, 489 – 515. 
[19]Hong, L.; Ghosh, U.; Taniamahajan; Zare , R.; Luthy, R.PAH Sorption Mechanism and 
Partitioning Behavior in Lampblack-Impacted Soils from Former Oil-Gas Plant Sites. 
Environ. Science and Technology 2003, 32, 3267 - 3276. 
[20]Silva, B. O.; Adetunde, O. T.; Oluseyi, T. O; Olayinka, K. O.; Alo, B. I. Comparison of 
some extraction methods and clean-up procedures for the 16 priority US EPA PAHS. 
Journal of Science Resource and Development. 2011, 13, 129 – 143. 
[21]Marce, R. M.; Borrull, F.Solid-phase extraction of polycyclic aromatic compounds. J. of 
Chromatogr. A 2000, 885, 273-290. 
[22]Oluseyi, T.; Olayinka, K.; Alo, B.; Smith, R. M. Improved analytical extraction and 
clean-up techniques for the determination of PAHs in contaminated soil samples 
International J. of Environ. Resour. 2011, 5, 681- 690. 
[23]Tsai, P. J.; Shieh, H.Y.; Lee, W.J.; Lai, S.O. Health-risk assessment for workers exposed 
to polycyclic aromatic hydrocarbons (PAHs)  in a carbon black manufacturing industry.  
Sci. Total Environ.  2001, 278, 137-150. 
[24]Nisbet, I. C. T.; LaGoy, P. K.Toxic equivalency factors (TEFs) for poly-cyclic aromatic 
hydrocarbons (PAHs). Regulatory Toxicolology Pharma. 1992, 16, 290–300. 
[25]Xia, Z.; Duan, X.; Qiu, W.; Liu, D.; Wang, B.; Tao, S.; Jiang, Q.; Lu, B.; Song, Y.; Hu, 
X. Health risk assessment on dietary exposure to polycyclic aromatic hydrocarbons 
(PAHs) in Taiyuan, China. Science of the Total Environ.2010, 408, 5331 – 5337. 
[26]Boström, C.-E.; Gerde, P.; Hanberg, A.; Jernström, B.; Johansson, C.; Kyrklund, T.; 
Rannug, A.; Törnqvist, M.; Victorin, K.; Westerholm, R. Cancer risk assessment, 
indicators, and guidelines for polycyclic aromatic hydrocarbons in the ambient air. 
Environ. Health Perspective 2002, 1101, 451 - 488. 
 [27]ATSDR: Public Health Assessment Guidance Manual Appendix G: Calculating 
Exposure Doses (2005 Update). registry. ATSDR: USA, 2005. 
http://www.atsdr.cdc.gov/hac/PHAManual/appg.html (assessed 16 December 2013) 
[28]USEPA (United States Environmental Protection Agency) Child Exposure factors hand 
book. EPA/600/R-06/096F | EPA, U. S. E. P. A. U. S., Ed.: USA, 2011: 72. 
[29] Ohio Department of health,(ODH) .;Evaluation of Ohio EPA soil sampling in support of 
the Clyde and eastern sandusky county childhood cancer investigation Clyde Sandusky 
County, Ohio," US  2011;36 
[30]Fromberg, A.; Hojgard, A.; Duedahl-Olesen, L. Analysis of polycyclic aromatic 
hydrocarbons in vegetable oils combining gel permeation chromatography with solid-
phase extraction clean-up. Food Addit Contam 2007, 24, 758-67. 
19 
 
[31]Ding, C.; Ni, H.G.; Zeng, H. Human exposure to parent and halogenated polycyclic 
aromatic hydrocarbons via food consumption in Shenzhen, China. Sci. Total Environ. 
2013, 443, 857-863. 
[32]Nyarko, E.; Botwe, B. O.; Klubi, E.: Polycyclic aromatic hydrocarbons (PAHs) levels in 
two commercially important fish species from the coastal waters of Ghana and their 
carcinogenic health risks .W. Afri. J. Appl. Ecol. 2011, 19, 53 - 66. 
[33]Peng, C.; Chen, W.; Liao, X.; Wang, M.; Ouyang, Z.; Jiao, W.; Bai, Y. Polycyclic 
aromatic hydrocarbons in urban soils of Beijing: status, sources, distribution and potential 
risk. Environ. Poll. 2011, 159,802 - 808. 
 [34]Falco, G.; Domingo, J. L.; Llobet, J. M.; Teixido, A.; Casas, C.; Ller, L. M. Polycyclic 
aromatic hydrocarbons in foods: Human exposure through the diet in Catalonia, Spain. J. 
Food Protect. 2003, 66, 2325–2331.  
[35]Weiss P.; Riss, A.; Gschmeidler, E.; Schentz, H. Investigation of heavy metal, PAH, PCB 
patterns and PCDD/F profiles of soil samples from an industrialized urban area (Linz, 
Upper Austria) with multivariate statistical methods. Chemosphere 1994; 29,2223 – 
2236.  
[36]Stalikas,C.D.; Chaidou, C.I.;  Pilidis, G.A. Enrichment of PAHs and heavy metals in 
soils in the vicinity of the lignite-fired power plants of West Macedonia. Sci.Total 
Environ. 1997, 204,135 – 146. 
[37]Trapido, M. Polycyclic aromatic hydrocarbons in Estonian soil: contamination and 
profiles. Environmental Poll. 1999, 105, 67-74. 
[38]Bakker, M.I.; Casado, U.B.; Koerselman, J.W; Tolls, J.; Kolloffel, C.; Polycyclic 
aromatic hydrocarbons in soil and plant samples from the vicinity of an oil refinery. 
Sci. Total Environ.  2000, 263, 91-100. 
[39]Malawska, M.; Wiołkomirski, B. An Analysis of Soil and Plant (Taraxacum Officinale) 
Contamination with Heavy Metals and Polycyclic Aromatic Hydrocarbons (PAHs) In 
the Area of the Railway Junction Iława Główna, Poland. Water Air Soil Pollut. 2001, 
127,339-349. 
[40]Mielke, H. W.; Wang, G.; Gonzales, C.R.; Le,B.; Quach, V.N.; Mielke, P.W.  PAH and 
metal mixtures in New Orleans soils and sediments. Science of the Total Environment 
2001, 281, 217–227. 
[41]Saltiene, Z.; Brukstiene, D.; Ruzgyte, A., Contamination of soil by polycyclic aromatic 
hydrocarbons (PAH) in some urban areas. Polycy. Arom. Comp. 2002, 22, 23-35  
[42]Skrbic, B.; Miljevic, N.; An evaluation of residues at an oil refinery site following fires. 
J. Environmental Sci. Health-Part A 2002; 37,1029 – 1039. 
[43]Yang, Y.; Zhang, X.X.; Korenaga, T. Distribution of Polynuclear Aromatic 
Hydrocarbons (PAHs) in the Soil of Tokushima, Japan. Water air soil pollut.  2002,138, 
51-60. 
[44]Kim,E.J.; Oh, J.E.; Chang, Y.S. Effects of forest fire on the level and distribution of 
PCDD/Fs and PAHs in soil. Sci. Total Environ. 2003, 311, 177-189. 
 [45]Wang, W.; Huang, M.-j.; Kang, Y.; Wang, H.-s.; Leung, A. O. W.; Cheung, K. C.; 
Wong, M. H. Polycyclic aromatic hydrocarbons (PAHs) in urban surface dust of 
Guangzhou, China: status, sources and human health risk assessment. Sci. Total Environ. 
2012, 409, 4519–4527. 
[46]Pampanin, D. M.; Sydnes, M. O.Polycyclic Aromatic Hydrocarbons a Constituent of 
Petroleum: Presence and Influence in the Aquatic Environment; Hydrocarbons,1; 
Hampshire, UK INTECH, 2013; 80-118. 
20 
 
[47]Pavlova, A.; Ivanova, R.: Determination of petroleum hydrocarbons and polycyclic 
aromatic hydrocarbons in sludge from wastewater treatment basins.  J.  of Environ. 
Monitor. 2003, 5, 319–323. 
[48]Nduka, J. K.; Anyakora, C.; Obi, E.; Obumselu, F. O.; Ezenwa, T. E.; Ngozi-Olehi, L. 
C.: Polyaromatic hydrocarbons (PAHs) and inorganic chemical contaminants at refuse 
dumpsites in Awka, South Eastern Nigeria: A public health implication.  J.  of Scient. Res. 
and Repts. 2013, 2, 173-189. 
[49]Kaszubkiewicz, J.; Kawałko, D.; Perlak, Z.: Concentration of polycyclic aromatic 
hydrocarbons in surface horizons of soils in immediate neighbourhood of illegal waste 
dumps. Pol. J of Environ. Stud. 2010, 1, 73-82. 
[50]Ali, Y. A.; Hrairi, M.; Kattan, I. A.Comparison of diesel emission experiments in view of 
the environment: a case study at Dubai. International J. of Manage. Sci.  Engineer. Mgmt. 
2012, 7, 36-42. 
[51]Barakat, A. O.; Mostafa, A.; Wade, T. L.; Sweet, S. T.; El Sayed, N. B. Distribution and 
characteristics of PAHs in sediments from the Mediterranean coastal environment of 
Egypt. Mar. Poll. Bull. 2011, 62, 1969–1978. 
[52]Karlsson, K.; Viklander, M. Polycyclic Aromatic Hydrocarbons (PAH) in Water and 
Sediment from Gully Pots. Water Air Soil Pollut. 2008, 188, 271-282. 
[53]Pohjola, S. K.; Savela, K.; Kuusimäki, L.; Kanno, T.; Kawanishib, M.; Weyand, E. 
Polycyclic aromatic hydrocarbons of diesel and gasoline exhaust and DNAadduct 
detection in calf thymus DNA and lymphocyte DNA of workers exposed to diesel exhaust. 
Polycycl. Arom. Compds. 2004, 24, 451- 465. 
[54]Boehm, P. D. Polycyclic aromatic hydrocarbons (PAHs) Environmental Forensics; 
Contaminant Specific Guide; Elsevier: New York, NY 2006. 313-337 
[55]Man, Y. B.; Chow, K. L.; Kang, Y.; Wong, M. H. Mutagenicity and genotoxicity of 
Hong Kong soils contaminated by polycyclic aromatic hydrocarbons and dioxins/furans. 
Mutat. Res./Genet. Toxicol. Environ Mutagen. 2013, 752, 47– 56. 
[56]Djinovic, J.; Popovic, A.; Jira, W. Polycyclic aromatic hydrocarbons (PAHs) in different 
types of smoked meat products from Serbia. Meat Sci. 2008, 80, 449 - 456. 
[57]Ferguson, L. R. Meat and cancer. Meat Sci. 2010, 84, 308-313. 
[58]Edward, N. T. J.Polycyclic aromatic hydrocarbons (PAHs) in the terrestrial environment- 
a review. J. Environ. Qual. 1987, 12, 427- 441. 
[59]Wilcke, W. Polycyclic aromatic hydrocarbons (PAHs) in soil a review. J. of Plant Nutri.   
Soil Sci. 2000, 163, 229–248. 
[60]Abbas, A. O.; Barck, W. Polycyclic aromatic hydrocarbons in Niger Delta soil: 
contamination sources and profiles. J. Environ. Sci.Technol. 2005, 2, 343-352. 
[61]Maliszewska-Kordybach, B.; Smreczak, B.; Klimkowicz-Pawlas, A.; Terelak, H. 
Monitoring of the total content of polycyclic aromatic hydrocarbons (PAHs) in arable soils 
in Poland. Chemosphere 2008, 73, 1284–1291. 
[62]Leung, A.; Cai, Z. W.; Wong, M. H. Environmental contamination from electronic waste 
recycling at Guiyu, southeast China. J. Mater Cycles Waste Mgmt. 2006, 8, 21 - 33. 
[63]VROM: Intervention values and target values: soil quality standards Netherlands 
Ministry of Housing, S. P. A. E., Department of Soil Protection, Ed.; Netherlands Ministry 
of Housing: The Hague, Netherlands, 1994. 
[64]Smreczak, B.; Maliszewska-Kordybach, B.; Klimkowicz-Pawlas, A. Application of 
different criteria for the assessment  of arable soil pollution with PAHs. Agric.Sci.2008, 
15, 55-58. 
21 
 
[65]VROM: Annexes circular on target values and intervention values for soil remediation. 
Spatial Planning and Environment,; Netherlands Ministry of Housing: The Hague, 
Netherlands, 2000; pp 1-59. www.esdat.net. (assessed.15 December, 2013) 
[66]Jiang YF, Wang XT, Wang F, Jia Y, Wu MH, Sheng,GY, Fu JM. (2009). Levels, 
composition profiles and sources of polycyclic aromatic hydrocarbons in urban soil of 
Shanghai, China. Chemosphere 75, 1112-1118. 
 [67]Agarwal, T. Concentration level, pattern and toxic potential of PAHs in traffic soil of 
Delhi, India. J.of Hazardous Mater.  2009, 171, 894–900. 
 [68]Masih, A.; Taneja, A.Polycyclic aromatic hydrocarbons (PAHs) concentrations and 
related carcinogenic potencies in soil at a semi-arid region of India. Chemosphere 2006, 
65, 449–456. 
[69]Nadal, M.; Schuhmacher, M.; Domingo, J. L. Levels of PAHs in soil and vegetation 
samples from Tarragona County, Spain. Environ. Poll. 2004, 132, 1-11. 
 [70]Cave, M. R.; Wragg, J.; Harrison, I.; Vane, C. H.; Wiele, T. V. d.; Groeve, E. D.; 
Nathanail, C. P.; Ashmore, M.; Thomas, R.; Robinson, J.; Daly, P. Comparison of Batch 
Mode and Dynamic Physiologically Based Bioaccessibility Tests for PAHs in Soil 
Samples. Environ. Science Technol. 2010, 44, 2654-2660. 
[71]Van de Wiele, T. R.; Verstraete, W.; Siciliano, S. D. Polycyclic Aromatic Hydrocarbon 
Release from a Soil Matrix in the In Vitro Gastrointestinal Tract. J. Environ. Qual. 2004, 
33, 1343-1353. 
[72]Kogel-Knabner, I.; Totsche, K. U.; Raber, B. J. Desorption of polycyclic aromatic 
hydrocarbons from soil in the presence of physiologi. J.  Environ. Qual. 2000, 29, 906–
916. 
[73]Holman, H. Y.; Goth-Goldstein, R.; Aston, D.; Yun, M.; Keng-soontra, J. Evaluation of 
gastrointestinal solubilization of petroleum hydrocarbon residues in soil using an in vitro 
physiologically based mode. Environ. Sci. Technol. 2002, 36, 1281–1286. 
[74]Diggs, D. L.; Huderson, A. C.; Harris, K. L.; Myers, J. N.; Banks, L. D.; Rekhadevi, P. 
V.; Niaz, M. S.; Ramesh, A. Polycyclic Aromatic Hydrocarbons and digestive tract 
cancers - a perspective. J. of Environ. Sci. Health Pt.C Environ. Carcinogen.Ecotoxicol. 
Rev. 2011. 29, 324–357. 
 
 Table1. Co-ordinate and anthropogenic activities undertaken at each sampling site.  
Sample  
Identifier 
Co-ordinates Location in Lagos and its environment sampled 
A 
N 06 
 30´ 42.11 ̋ 
E 003 23´ 15.5  ̋ 
Dump site near Onike canal on Mainland  
B 
N 06  
 34’ 44. 7 ̋ 
E 003 24´ 57.2  ̋ 
Farm in Lagos 
C 
N 06  30´  56.31 ̋ 
E 003 23’ 58.5 ̋ 
Depot and loading point  for used for black oil 
Iganmu/Orile, Apapa 
D 
N 04  
 30’ 46.7 ̋ 
E 003 29´ 21.3  ̋ 
Busy roadside Akoka, Mainland 
E 
N 06 
 27´ 31.0 ̋ 
E 003 21´ 36.2 ̋ 
Premium motor spirit andkKerosene depot, Apapa 
F 
N 06 
 30’ 51.7 ̋ 
E 003 23´ 32.4  ̋ 
Dump site in Akoka, Mainland 
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G 
N 06  26´ 26.25 ̋ 
E 003 19´ 49.5 ̋ 
Premium motor spirit, kerosene depot coconut 
Island (petroleum product depot) 
H 
N 06  
 30’ 40.1 ̋ 
E 009 20´ 21.9  ̋ 
Roadside in Lagos 
I 
N 06  
 43’ 44.4 ̋ 
E 003 24´ 57.2  ̋ 
Trailer park/mechanics workshop, Ibafo, Obafemi 
Owode 
J 
N 05 
 30’ 44.0 ̋ 
E 003 23´ 23.1  ̋ 
Car park, Akoka 
K Outside Lagos Control site (forest soil) outside Lagos 
L 
N 06 
 30’ 42.1 ̋ 
E 003 23´ 15.3  ̋ 
Mechanics workshop, Mainland 
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Table2. Physico chemical properties of composite soils from different sampling sites in Lagos area, Nigeria. 
 
Grain particles size analysis  Physico–chemical properties  
Sample 
ID 
Gravel (%)  Sand (%) Clay (%) Silt (%) 
a
TOC (%) 
Soil 
organic 
matter 
(%) 
pH Oil and grease (%) 
Location 
A 8.30 50.20 21.10 20.40 3.57 
6.14 
8.10 1.86 
Dump site near Onike canal  
B 2.90 55.90 15.36 25.36 1.37 
2.36 
7.90 0.40 
A farm in Lagos 
C 28.52 66.50 4.92 0.06 1.73 2.98 8.00 4.92 
Depot and loading point  for used 
oil (black oil), Iganmu, Orile 
D 6.67 88.48 4.81 0.04 1.61 
2.77 
8.10 0.18 
Busy road side Akoka 
E 13.79 74.67 11.54 6.37 2.23 3.84 7.30 1.41 
Premium motor spirit and 
kerosine depot, Apapa 
F 1.77 71.63 4.00 24.60 2.77 
4.76 
8.10 2.29 
dumpsite in Akoka 
G 4.99 84.73 10.20 0.08 2.40 4.13 7.10 3.96 
Premium motor spirit and 
kerosine depot, Coconut  
H 16.86 71.17 09.34 2.63 0.49 
0.84 
7.77 0.13 
Road, Lagos 
I 0.31 71.17 12.00 16.52 1.84 3.16 8.60 9.35 
Trailer park mechanics workshop 
Ibafo 
J 5.85 80.78 13.30 0.07 0.36 
0.62 
7.70 0.18 
Car park Akoka 
K 1.25 49.71 20.03 29.01 4.50 
7.74 
6.80 0.18 
Control (forest soil) outside Lagos 
L 8.00 50.50 22.10 19.40 3.60 
6.19 
8.10 1.92 
Mechanics workshop in Onike 
Total organic carbon--TOC 
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Table 3. Concentration (µg/g) of sixteen priority PAHs found in the twelve composite soil samples collected in the Lagos area, Nigeria. 
Soil sample  A B C D E F G H I J K L 
No of rings PAHs 
 
Dump 
site 
Farm 
land 
Black 
oil 
depot 
Road 
side 
(busy) 
Fuel Depot 
Apapa area 
Dump 
site 
Akoka 
Fuel 
depot 
coconut 
Road 
side near 
dump 
site 
Trailer 
Park 
Ibafo 
Car 
park   
Akoka 
Forest soil Mechan
ics 
worksh
op 
2-3 rings NAP 6.5 0.1 0.7 0.1 0.1 0.7 1.1 0.2 0.3 0.1 0.1 2.3 
ACY 0.1 0.0 2.5 0.0 0.0 0.0 8.4 0.1 0.0 0.0 0.0 3.8 
ACP 0.1 0.0 0.1 0.0 0.0 0.0 0.6 0.1 0.0 0.0 0.0 0.1 
FLR 0.1 0.0 0.8 0.0 0.1 0.1 1.9 0.0 0.0 0.0 0.0 0.7 
PHE 1.0 0.0 18.0 0.0 0.1 0.2 86.2 0.4 0.1 0.0 0.0 17.1 
ANT 0.9 0.0 2.9 0.0 0.0 0.0 84.8 0.1 0.1 0.0 0.0 3.9 
Sum  8.7 0.2 25.0 0.2 0.3 1.1 182.9 1.0 0.5 0.1 0.1 27.9 
4 rings FLT 0.1 0.0 4.0 0.0 0.0 0.1 2.6 0.3 0.0 0.0 0.0 5.7 
PYR 0.2 0.0 10.7 0.0 0.0 0.1 44.8 0.2 0.0 0.0 0.0 6.9 
BaA 0.2 0.0 6.8 0.0 0.0 2.5 2.1 0.2 0.0 0.0 0.0 7.1 
CHR 0.3 0.0 20.1 0.1 0.1 15.1 11.2 0.4 0.0 0.0 0.0 4.0 
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Where 0.0 is ≤ 0.03 µg/g for ACY, ≤ 0.04 µg/g for FLR, ≤ 0.02 µg/g for PHE, ≤ 0.03 µg/g for ANT, ≤ 0.04 µg/g for FLT, ≤ 0.0 3µg/g for PYR, 
≤ 0.01 µg/g for BaA, ≤ 0.01 µg/g, for CHR, ≤ 0.0 2µg/g, for BbF, ≤ 0.02µg/g, for BkF, ≤ 0.02 µg/g, for BaP, ≤ 0.04 µg/g for DaH, ≤ 0.01 µg/g 
for BgP, ≤ 0.0 1 µg/g for IcP. 
Sum PAHs10 - Sum of 10 PAHs = sum of NAP, PHE, ANT, FLT, BaA, CHR, BkF, BaP, IcP and BgP. 
Target val – The ‘New Dutch List’ target value for the sum of 10 PAHs = sum of NAP, PHE, ANT, FLT, BaA, CHR, BkF, BaP, IcP and BgP. 
Interv val- The ‘New Dutch List’ intervention value for the sum of 10 PAHs = sum of NAP, PHE, ANT, FLT, BaA, CHR, BkF, BaP, IcP and 
BgP. 
 
Sum  0.8 0.1 41.7 0.1 0.2 17.7 60.7 1.2 0.1 0.0 0.0 23.6 
5 rings BbF 0.0 0.1 8.0 0.0 0.0 0.0 0.0 0.4 0.0 0.0 0.0 7.5 
BkF 0.0 0.1 10.3 0.0 0.0 0.0 0.0 0.5 0.0 0.0 0.0 10.2 
BaP 0.9 0.0 3.3 0.0 0.0 1.2 0.0 0.1 0.0 0.0 0.0 1.3 
DaH 0.2 0.1 10.0 0.0 0.1 0.4 10.0 0.3 0.0 0.0 0.0 11.0 
BgP 1.1 0.0 0.3 0.0 0.0 0.9 0.2 0.0 0.0 0.0 0.0 0.2 
Sum  2.3 0.2 32.0 0.1 0.2 2.5 10.3 1.3 0.1 0.1 0.1 30.2 
6 rings IcP 0.0 0.0 5.8 0.0 0.1 0.1 0.0 0.7 0.0 0.0 0.0 4.7 
 Sum 
PAHs 
11.9 0.5 104 0.4 0.7 21.4 254 4.1 0.7 0.2 0.2 86.4 
 Sum 
PAHs10 11.1 0.3 72.2 0.3 0.4 20.8 188 2.9 0.6 0.2 0.2 56.4 
 Target 
val  
1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 
 Interv 
val 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 40.0 
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Table 4.  Concentration of PAHs for different sites affected by anthropogenic activities measured in other studies. 
 
Location 
Concentration  (ng/g 
dw
a
) 
Number of PAHs 
analysed Source Reference 
Linz (Austria) 1,450 18 Industrial area  Weiss, et al. 
[35]
 
West Macedonia (Greece) 55.2–495 16 Lignite-fired power plants Stalikas, et al. [36]  
Kohtla-Järve (Estonia) 12,390 ± 9,810 16 
Oil-shale thermal treatment 
industry, power station and traffic  Trapido 
[37]
   
Tallinn (Estonia) 2,200 ± 1,396 12 Urban soils Trapido 
[37]
   
Harjumaa (Estonia) 232 ± 153 12 Rural soil Trapido 
[37]
   
Zelzate (Belgium) 300,000 7 50 m from an oil refinery Bakker, et al. 
[38]
 
Zelzate (Belgium) 3,000–14,000 7 1.3–4.2 km from an oil refinery Bakker, et al. [38] 
Ilawa Glowna (Poland) 383.7 14 Control Malawska and Wilkomirski 
[39]
  
New Orleans (United States) 3,731 16 Urban soils Mielke, et al. 
[40]
 
Five cities (Tallinn, Helsinki, Vilnius, 
Chicago and London) 1,092 16 Urban soils  Saltiene, et al. 
[41]
 
Novi Sad (Serbia and Montenegro) 47,870 16 Oil refinery (after Kosovo war) Skrbic and Miljevic 
[42]
 
Novi Sad (Serbia and Montenegro) 4,650 16 Oil refinery (after Kosovo war) Skrbic and Miljevic 
[42] 
 
Tokushima (Japan) 610.6 13 Urban soils Yang, et al. 
[43]
  
Five sites in Korea 49.4 16 Control  soil  Kim, et al. 
[44]
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Table 5.  BaPeq  (µg/g) and Sum BaPeq  (µg/g) for the PAHs in found in the twelve soil samples collected in Lagos region, Nigeria. 
  TEFvalues A B C D E F G H I J K L   
NAP 0.001 0.007 0.000 0.001 0.000 0.000 0.001 0.001 0.000 0.000 0.000 0.000 0.002 
ACY 0.001 0.000 0.000 0.003 0.000 0.000 0.000 0.008 0.000 0.000 0.000 0.000 0.004 
ACP 0.001 0.000 0.000 0.000 0.000 0.000 0.000 0.001 0.000 0.000 0.000 0.000 0.000 
FLR 0.001 0.000 0.000 0.001 0.000 0.000 0.000 0.002 0.000 0.000 0.000 0.000 0.001 
PHE 0.001 0.001 0.000 0.018 0.000 0.000 0.000 0.086 0.000 0.000 0.000 0.000 0.017 
ANT 0.01 0.009 0.000 0.029 0.000 0.000 0.000 0.848 0.001 0.001 0.000 0.000 0.040 
FLT 0.001 0.000 0.000 0.004 0.000 0.000 0.000 0.003 0.000 0.000 0.000 0.000 0.006 
PYR 0.001 0.000 0.000 0.011 0.000 0.000 0.000 0.045 0.000 0.000 0.000 0.000 0.007 
BaA 0.1 0.022 0.001 0.684 0.001 0.004 0.250 0.205 0.023 0.001 0.000 0.000 0.705 
CHR 0.01 0.003 0.000 0.201 0.001 0.001 0.151 0.112 0.004 0.000 0.000 0.000 0.040 
BbF 0.1 0.002 0.006 0.804 0.003 0.003 0.002 0.000 0.038 0.002 0.002 0.002 0.745 
BkF 0.1 0.003 0.007 1.032 0.003 0.004 0.003 0.000 0.049 0.002 0.002 0.002 1.020 
BaP 1 0.903 0.018 3.297 0.008 0.008 1.184 0.000 0.143 0.012 0.006 0.004 1.295 
DaH 1 0.209 0.068 10.043 0.050 0.077 0.425 10.049 0.330 0.029 0.024 0.023 10.993 
BgP 0.01 0.011 0.000 0.003 0.000 0.000 0.009 0.003 0.000 0.000 0.000 0.000 0.002 
IcP 0.1 0.003 0.001 0.579 0.004 0.007 0.009 0.000 0.066 0.001 0.001 0.001 0.466 
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Sum 
BaPeq 
 
1.174 0.101 16.709 0.069 0.103 2.034 11.363 0.655 0.048 0.036 0.033 15.343 
A  BaPeq of 0.00 µg/g, means that the concentration of a particular PAHs in table 1, is equal to 0.00 µg/g of BaP in terms of toxicity. 
 
 
Table 6. MDI (µg/day) Da (µg/kg/day), Da(BaPeq) (µg/kg/day) and ER of composite soils from different sampling sites in the  Lagos area, Nigeria. 
 
A B C  D  E  F       G  H  I J K L 
a
Oral MDI   
food 
NAP 0.65 0.01 0.07 0.01 0.01 0.07 0.11 0.02 0.03 0.01 0.01 0.23 7 
ACY 0.01 0.00 0.25 0.00 0.00 0.00 0.84 0.01 0.00 0.00 0.00 0.38 0.14 
ACP 0.01 0.00 0.01 0.00 0.00 0.00 0.06 0.01 0.00 0.00 0.00 0.01 0.98 
FLR 0.01 0.00 0.08 0.00 0.01 0.01 0.19 0.00 0.00 0.00 0.00 0.07 0.59 
PHE 0.10 0.00 1.80 0.00 0.01 0.02 8.62 0.04 0.01 0.00 0.00 1.71 1.54 
ANT 0.09 0.00 0.29 0.00 0.00 0.00 8.48 0.01 0.01 0.00 0.00 0.39 0.08 
FLT 0.01 0.00 0.40 0.00 0.00 0.01 0.26 0.03 0.00 0.00 0.00 0.57 0.35 
PYR 0.02 0.00 1.07 0.00 0.00 0.01 4.48 0.02 0.00 0.00 0.00 0.69 0.35 
BaA 0.02 0.00 0.68 0.00 0.00 0.25 0.21 0.02 0.00 0.00 0.00 0.71 0.06(0.05)
b
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CHR 0.03 0.00 2.01 0.01 0.01 1.51 1.12 0.04 0.00 0.00 0.00 0.40 0.11 
BbF 0.00 0.01 0.80 0.00 0.00 0.00 0.00 0.04 0.00 0.00 0.00 0.75 0.11 
BkF 0.00 0.01 1.03 0.00 0.00 0.00 0.00 0.05 0.00 0.00 0.00 1.02 0.09 
BaP 0.09 0.00 0.33 0.00 0.00 0.12 0.00 0.01 0.00 0.00 0.00 0.13 0.11 
DaH 0.02 0.01 1.00 0.00 0.01 0.04 1.00 0.03 0.00 0.00 0.00 1.10 0.1 
BgP 0.11 0.00 0.03 0.00 0.00 0.09 0.02 0.00 0.00 0.00 0.00 0.02 0.04 
IcP 0.00 0.00 0.58 0.00 0.01 0.01 0.00 0.07 0.00 0.00 0.00 0.47 0.06 
sum PAHs MDI 1.19 0.05 10.44 0.04 0.07 2.14 25.39 0.41 0.07 0.02 0.02 8.64  
Da  2.0 
x10
-4
 
2.1 
x10
-4
 
4.8 
x10
-4
 
4.2 
x10
-4
 
6.7 
x10
-4
 
6.6 
x10
-4
 
3.9 
x10
-3
 
1.1 
x10
-2
 
2.1 
x10
-2
 
2.4 
x10
-1
 
1.0 
x10
-1
 
8.3 
x10
-2
  
Da(BaPeq) 1.1 
x10
-3
 
9.7 
x10
-5
 
1.6 
x10
-2
 
6.7 
x10
-5
 
1.0 
x10
-4
 
1.9 
x10
-3
 
1.1 
x10
-2
 
6.3 
x10
-4
 
4.6 
x10
-5
 
3.4 
x10
-5
 
3.1 
x10
-5
 
1.5 
x10
-2
  
ER 8.2 
x10
-6
 
7.1 x 
10
-7
 
1.2 x 
10
-4
 
4.9 x 
10
-7
 
7.3 x 
10
-7
 
1.4 x 
10
-5
 
7.9 x 
10
-5
 
4.6 x 
10
-6
 
3.4 x 
10
-7
 
2.4 x 
10
-7
 
2.2 x 
10
-7
 
1.1 x 
10
-4
  
a
Oral mean daily intake threshold for PAHs in food (oral MDI) in Nathaniel et al.
[59]
 cited by Lorenzi et al.
[11]
, 
b
alternative measure of  oral MDI 
[34]
. A value of 0.00 µg/g  for individual PAH, means that the concentration MDI of that PAH is equal or less than 0.004 µg/g. Da value of 0.00 
µg/g ≤ 0.0039 µg/g. Bold figures show data that exceeded the limits.
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